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APPARATUS, SYSTEM, AND METHOD
PROVIDING BACKSIDE ILLUMINATED
IMAGING DEVICE

FIELD OF THE INVENTION

Embodiments of the invention relate generally to an appa-
ratus, system, and method providing a backside illuminated
imaging device.

BACKGROUND OF THE INVENTION

Solid state imaging devices, also known as imagers, have
been used 1n various photo-imaging applications, including,
cameras, camera mobile telephones, video telephones, com-
puter mput devices, scanners, machine vision systems,
vehicle navigation systems, surveillance systems, auto focus
systems, star trackers, motion detector systems, and image
stabilization systems among other applications.

There are a number of different types of semiconductor-
based 1imaging devices, including charge coupled devices
(CCDs), photodiode arrays, charge injection devices (CIDs),
hybrid focal plane arrays, complementary metal oxide semi-
conductor (CMOS) imaging devices, and other imaging
devices. When used with appropriate imaging circuits, imag-
ing devices can capture, process, store, and display images for
various purposes.

Imaging devices are typically formed with an array of
pixels each containing a photosensor, such as a photogate,
phototransistor, photoconductor, or photodiode. The photo-
sensor 1n each pixel absorbs incident radiation of a particular
wavelength (e.g., optical photons or x-rays) and produces an
clectrical signal corresponding to the intensity of light
impinging on that pixel when an optical image 1s focused on
the pixel array. For example, the magnitude of the electrical
signal produced by each pixel can be proportional to the
amount of incident light captured. The electrical signals from
all the pixels are then processed to provide information about
the captured optical image for storage, printing, display, or
other usage.

Imaging devices can be constructed so that incident light
impinges on the frontside or alternatively the backside of the
imaging devices. For example, a backside 1lluminated imag-
ing device receives incident radiation through a backside of
the device substrate, over which the imaging device circuitry
1s formed. In a backside illuminated imaging device, the
device substrate 1s typically thinned so that the photosensors
can more easily detect light recerved from the backside of the
imaging device, thereby reducing electronic and/or optical
crosstalk. When a backside illuminated imaging device is
used to detect incident light having different wavelength com-
ponents, such as 1n the case of a color imaging device, the
thinned device substrate may not provide suilicient depth for
radiation components of longer wavelengths (e.g., red light).
Consequently, such longer wavelength radiation components
may penetrate through the device substrate without being
detected by the corresponding photosensors, thereby com-
promising quantum eificiency of the imaging device and
causing other problems such as crosstalk.

Accordingly, 1t 1s desirable to provide an improved struc-
ture for a backside illuminated image pixel cell, image pixel
array, imaging device, and/or system that reduces the effects
of the above discussed deficiencies. It 1s also desirable to
provide a method of fabricating an 1image pixel cell, image
pixel array, imaging device, and/or system exhibiting these
improvements.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a partial cross-sectional view of an
image pixel array formed 1n accordance with a first embodi-
ment disclosed herein.

FIG. 1B illustrates a partial cross-sectional view of an
image pixel array similar to the FIG. 1A structure, which 1s
flipped over 1n FIG. 1B.

FIG. 1C 1llustrates a partial cross-sectional view of a back-
side 1lluminated 1maging device containing an 1mage pixel
array similar to that shown 1n FIG. 1B.

FIGS. 2A to 2F illustrate an embodiment of making the
image pixel array shown 1n FIG. 1A.

FIG. 3 illustrates a partial cross-sectional view of an 1mage
pixel array formed 1n accordance with a second embodiment
disclosed herein.

FI1G. 4 1llustrates a partial cross-sectional view of an 1mage
pixel array formed 1n accordance with a third embodiment
disclosed herein.

FIG. 5 1s a block diagram of an imaging device constructed
in accordance with one of the embodiments disclosed herein.

FIG. 6 1s an 1llustration of an imaging system comprising,
the 1maging device formed in accordance with one of the
embodiments disclosed herein.

DETAILED DESCRIPTION OF THE INVENTION

In the following detailed description, reference 1s made to
the accompanying drawings, which form a part hereof and
show by way of illustration specific embodiments and
examples in which the invention may be practiced. These
embodiments and examples are described 1n sulficient detail
to enable one skilled 1n the art to practice them. It 1s to be
understood that other embodiments and examples may be
utilized, and that structural, logical, and electrical changes
and variations may be made. Moreover, the progression of
processing steps 1s described as an example; the sequence of
steps 1s not limited to that set forth herein and may be
changed, with the exception of steps necessarily occurring in
a certain order.

The term “substrate” used herein may be any supporting,
structure 1including, but not limited to, a semiconductor sub-
strate having a surface on which devices can be fabricated. A
semiconductor substrate should be understood to include sili-
con, silicon-on-insulator (SOI), silicon-on-sapphire (SOS),
doped and undoped semiconductors, epitaxial layers of sili-
con supported by a base semiconductor foundation, and other
semiconductor structures, including those made of semicon-
ductors other than silicon. When reference 1s made to a semi-
conductor substrate 1n the following description, previous
process steps may have been utilized to form regions or junc-
tions 1n or over the base semiconductor or foundation.

The term “pixel” or “pixel cell” as used herein, refers to a
photo-element unit cell containing a photosensor for convert-
ing photons to an electrical signal as may be employed by an
imaging device. The pixel cells described herein in the
embodiments can be CMOS four-transistor (4-1) pixel cells,
or pixel cells that have more or less than four transistors. In
addition, the embodiments disclosed herein may be
employed in other types of solid state imaging devices other
than CMOS 1maging devices, e.g., CCD and others, where a
different pixel and readout architecture may be used.

Various embodiments are now described with reference to
the drawing figures, i which similar components and ele-
ments are designated with the same reference numeral and
redundant description 1s omitted. Although the embodiments
are described 1n relation to use with a CMOS 1maging device,
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as noted, the embodiments are not so limited and have appli-
cability to other solid state imaging devices.

FIGS. 1A to 1C illustrate an 1image pixel array 100 formed
in accordance with a first embodiment and an 1maging device
101 containing the 1mage pixel array 100. The image pixel
array 100 contains a plurality of image pixel cells 102, which
can be similarly formed. Accordingly, only one image pixel
cell 102 and its associated semiconductor components will be
described below for the sake of simplicity.

The 1mage pixel array 100 can be formed over a semicon-
ductor device substrate 104 defined by a frontside 106/ and a
backside 1065. The device substrate 104 can be formed as a
single-portion structure (not shown) or a combination of dif-
ferent portions including portions 104d,, 104d,, 1044,
(FIGS. 1B and 1C). For example, the different portions
1044, 1044, 104d, can be difterently doped portions with
different conductivities and implantation concentrations. The
portion 104d, of the device substrate 104 can be less doped
than portions 1044, 104d, or substantially undoped. In the
tollowing description, the portion 104d, 1s also referred to as
a lightly doped portion for simplicity but 1s not so limited. The
various portions 104d,, 104d,, 1044, can have increasing
conductivities and implantation concentrations from the fron-
tside 106/ toward the backside 1065 of the device substrate
104. In a semiconductor device with a p-type substrate, the
doped portions 1044, 1044, can be respectively p~ and p™
doped areas.

In the various examples shown in FIGS. 1A to 1C, the
device substrate 104 can have a silicon-on-insulator (SOI)
structure including an insulator 104, such as silicon dioxide.
In the example shown 1n FIG. 1A, the silicon-on-1nsulator
substrate 104 can be formed with a lightly doped portion
1044, and a doped portion 1044, on one side of the insulator
104;, and another doped or undoped portion 104s on the
opposite side of the msulator 104:. As 1s described 1n the
various examples below, the portion 104s can be removed
from the device substrate 104 before forming the additional
semiconductor components of the backside optics. Those
skilled 1n the art will appreciate that the device substrate 104,
including the different portions 104d,, 1044,, 1044, 104,
1045, can be 1n various other forms.

The device substrate 104 formed can have an active silicon
portion 104q. In the examples shown 1n FIGS. 1A to 1C, the
active silicon portion 104a can include the various portions
tformed between the frontside 106/ and the insulator 104;. For
example, the active silicon portion 104a mn FIG. 1A can
include the lightly doped portion 1044, and the doped portion
1044 ,. In the examples shown 1n FIGS. 1B and 1C, the active
silicon portion 104a can include the lightly doped portion
1044, and the doped portions 1044, 104d,. The thickness of
the active silicon portion 104a can be adjusted to a predeter-
mined value by any of various techniques, such as etching,
end-of-range proton implantation shearing, epitaxy, or acoms-
bination of the above. For example, the thickness of the active
silicon portion 104a can be 1n the range from about 0.5 um to
about 20 um.

The device substrate 104 can be formed by any of various
methods, including but not limited to oxygen implantation,
waler bonding and etchback, epitaxial lift-off. In the above
described example where the device substrate 104 1s formed
into a silicon-on-insulator structure, the device substrate 104

can be formed by an end-of-range proton implantation shear-
ing, which 1s also known as the SMART CUT™ technique

developed at the CEA-LETI research institute. Those skilled
in the art will appreciate that the device substrate 104, includ-
ing the different portions 1044, , 1044 ,, 1044, 104, 1045 can

be formed by various other methods.
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As FIG. 1A shows, a photosensor 110 can be formed 1n
association with the device substrate 104, such as in the
lightly doped portion 104d, near the frontside 106/ of the
device substrate 104. The photosensor 110 can be 1n any of
various forms, such as a photogate, phototransistor, photo-
conductor, or photodiode. In one example, the photosensor
110 can be a photosensitive region formed 1n the active silicon
portion 104a. The photosensitive region of the photosensor
110 can include an n-type doped region 1107 connected to an
adjacent channel of the transfer gate 114, as 1s shown 1n FIG.
1A. The n-type doped region 1107 can be separated from the
frontside 106/ of the device substrate 104 by a p-type doped
region 100p, e.g., a p™ implantation region. Those skilled in
the art will appreciate that the photosensor 110 can be 1n
various other forms.

In one embodiment, the photosensor 110 can be formed to
receive and convert visible radiation, such as radiation having
a wavelength in the range from about 400 nm to about 740 nm,
into electronic signals. For a color imaging device, the pho-
tosensor 110 can be formed to receive one of red, green, and
blue light passing through an appropriate color filter. The
various photosensors 110 of a pixel array 100 can be arranged
in any of various mosaic patterns, such as a Bayer pattern. For
a monochromatic 1maging device, all photosensors 110 of a
pixel array 100 are open to the same incident wavelengths,
through no filter or the same filter.

Additional semiconductor structures and components,
including a floating diffusion region 112 and a transier gate
114, such as thoseused in 4-T CMOS 1maging pixels, can also
be provided 1n association with the device substrate 104. In
one example, the floating diffusion region 112 and the trans-
fer gate 114 can be formed over the substrate 104 at the
frontside 106/. A metallic connector 116 can be provided to
interconnect the various metallic circuitry layers and/or semi-
conductor components of the pixel cell 102. For example, the
metallic connector 116 can be employed to connect the tloat-
ing diffusion region 112 to a gate of a source follower tran-
s1stor commonly used 1n a 4-T CMOS pixel. A pixel 1solation
region 117 can be provided to separate adjacent pixel cells
102 from each other. Those skilled in the art will appreciate
that the floating diffusion region 112, transier gate 114,
metallic connector 116, and pixel 1solation regions 117 can be
formed by any of various other methods.

Each pixel cell 102 can be formed to include a dielectric
layer 118 provided over the device substrate 104 at 1ts fron-
tside 106f. The dielectric layer 118 can be formed to have at
least one protruding portion 120. As 1s shown in FIG. 1A, the
dielectric layer 118 can be formed to comprise a plurality of
protruding portions 120 each being aligned with a corre-
sponding photosensor 110 in the same pixel cell 102. Each
protruding portion 120 can have a convex surface 122 formed
facing away from the device substrate 104. In the example
shown in FIG. 1A, the convex surface 122 has a curved shape.
Other shapes of the surface 122 may also be used and are
described below. The protruding portions 120 of the dielectric
layer 118 can be formed by any of various methods as 1s
described below to assist in defining the contour of a metallic
portion 124.

A metallic portion 124 can be formed to direct photons
reaching the metallic layer 124 to the photosensors 110 so as
to be captured thereby. In one example, the metallic portion
124 15 1n the form of a layer. As FIG. 1A shows, the metallic
layer 124 can have at least one non-planar surface 126 facing
toward the corresponding photosensor 110 formed in the
same pixel cell 102. The non-planar surface 126 can be
formed to expand laterally beyond the corresponding photo-
sensitive region of the photosensor 110. In the example of
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FIG. 1C, the metallic layer 124 can be formed to have a
plurality of radiation reflectors 128 each having a non-planar
surface 126. The non-planar surface 126 of each radiation
reflector 128 can comprise a concave surtace, which can
turther focus the reflected radiation toward the photosensor
110 1n the same pixel cell 102. In the example shown 1n FIG.
1A, the non-planar surface 126 has a curved concave shape.
Each non-planar surface 126 is capable of directing incident
radiation reaching the non-planar surface 126 toward the
photosensor 110 1n the same pixel cell 102, thereby not only
improving quantum eificiency, but also reducing crosstalk,
such as the crosstalk caused by off-axis radiation.

In one example, the metallic layer 124 can be formed over
the dielectric layer 118 conforming to the convex surfaces
122 on the protruding portions 120. The convex surfaces 122
of the dielectric layer 118 each define the contour of a non-
planar surface 126 of the metallic layer 124, which 1s sub-
stantially complementary to the convex surface 122. The
metallic layer 124 can be formed of any maternials similar to
those used for forming circuitry layers in conventional semi-
conductor devices. In one example, the metallic layer 124 can
comprise an aluminum material. The metallic layer 124 can
be 1 any of various forms, such as a metal coating. Those
skilled 1n the art will appreciate that various other materials
and methods can also be used to form the metallic layer 124.

As FIG. 1A shows, additional inter-metal dielectric and
interconnecting metal portions, such as a readout circuit as
will be described below, can be provided for the 1image pixel
array 100. For example, the metallic layer 124 can be further
pattern etched to form the metal connectors 116 connecting to
the floating diffusion regions 112. A plurality of conventional
portions, illustrated as an inter-metal dielectric 130 and a
metallization layer 132 in FIG. 1A, can be provided and
tormed over the metallic layer 124. Although FIG. 1A shows
one metallization layer 132, one or more additional metalli-
zation layers 132 can employed which contain associated
metallization patterns for interconnecting components of a
pixel cell 102. Additionally or alternatively, the metallization
patterns 1n the one or more metallization layers 132 can be
formed to connect a pixel cell 102 to other interconnecting
metal portions of an 1maging device 101 (see, FIG. 1C).
Those skilled 1n the art will appreciate that the additional
inter-metal dielectric and interconnecting metal portions can
be formed by any of various methods.

The metallic layer 124 can be connected to one or more
metallization layers 132 by any of various methods such as
those used to connect metallization layers 132. For example,
the metallic layer 124 can be connected to an adjacent met-
allization layer 132 by way of the metal connectors 116 as 1s
shown 1n FI1G. 1C. In one example, the metallic layer 124 can
be formed to contain at least some of the associated metalli-
zation patterns. In such a case, the metallic layer 124 can be
used as a metallization layer 132. For example, the metallic
layer 124 can be formed as the first level metallization layer
132, which 1s located the closest to the device substrate 104 at
its frontside 1061. In another example, the metallic layer 124
can be formed as a separate layer without the associated
metallization patterns.

FIG. 1B shows the FIG. 1A structure being thpped over,
which can be attached to a support (not shown) for further
processes ol additional semiconductor components to form
the backside optics as described below. The portion 104s
shown 1n FIG. 1A can be removed to expose the insulator
104, such as a dielectric, at the backside 10654 of the backside
illuminated 1maging device 101. For example, the portion
104s can be removed by any of various methods, such as
cutting, grinding, etching, or a combination thereof.
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Optionally, a passivation portion 108 can be provided over
the 1nsulator 104; as 1s shown 1n FIG. 1B, after the portion
104s 1s removed. The passivation portion 108 can be formed
any of various materials, including but not limited to, one or
more of phospho-silicate-glass (PSG), silicon nitride, or sili-
con oxynitride. In one example, the passivation portion 108 1s
formed of a silicon nitride material. The passivation portion
108 can also be a part of the sulator 104; or otherwise
integrally formed therewaith.

FIG. 1C shows additional semiconductor components
formed 1n the 1image pixel array 100 and/or an imaging device
101 containing the 1mage pixel array 100. At the backside
1065 of the device substrate 104, a color filter array 134 can
be formed over the msulator 1047 and/or the passivation por-
tion 108 for capturing different color components in incident
radiation. The color filter array 134 1s formed of a plurality of
color filters 136R, 136G, each of which 1s provided within a
pixel cell 102 and positioned over a corresponding photosen-
sor 110 and below a corresponding microlens 138. FIG. 1C
shows one row of a color filter array 134, where the first color
filters 136R alternate with the second color filters 136G. For
example, color filters 136R and 136G can be respectively red
and green filters. Additional color filters, such as blue filters
(not shown), can also be employed in the color filter array 134
and be arranged to alternate with green filters (e.g., color filter
136G) 1n an adjacent row of pixel cells 102 i a pixel array
100. In another example, the color filters 136R, 136G can be
cyan, magenta, and yellow filters.

As those skilled 1n the art will appreciate, each of the color
filters 136R, 136G and additional color filters 1n another row
can be formed to be sensitive to specific wavelengths (band),
allowing light of those wavelengths (band) to pass through
and reach the corresponding photosensor 110 for a color
imaging device. For a monochromatic imaging device, the
color filters 136R, 136G can be disposed with, or all provided
filters can be formed to pass the same wavelengths of light.
For a color imaging device, the color filter array 134 can have
red, green, and blue filters, which can be arranged in a pre-
determined mosaic sequential pattern, such as a Bayer pat-
tern. Those skilled 1n the art will appreciate that filters of other
colors or patterns may also be used to capture color images.

A microlens array 140 can be provided and formed over the
color filter array 134 by any of various known methods. As
those skilled 1n the art will appreciate, the microlenses 138 in
the microlens array 140 can effectively focus incident radia-
tion on the photosensors 110 and hence reduce crosstalk in the
imaging device 101.

FIG. 1C shows the optical path of incident light having
different angles after such incident light enters the imaging
device 101. For example, incident lights L, L., and L5 from
an 1image 1impinge on the microlens 138 1n a pixel cell 102.
Due to the thinned thickness of the device substrate 104 at the
backside, a portion of the radiation components in ncident
lights L, L,, and L, may penetrate the device substrate 104 or
otherwise escape the photosensor 110 located in the same
pixel cell 102. The penetrated radiation components of 1nci-
dents light L,, L,, and L5 will reach the curved concave
surface 126 of the radiation reflector 128 as shown 1n FI1G. 1C.
For example, incident lights I, and L5 can be on-axis incident
light so that the penetrated radiation components of incidents
light L, and L, will reach the middle portion of the non-planar
surface 126. Such penetrated radiation components of 1nci-
dent lights I, and L., can be reflected by the non-planar
surface 126 of the radiation reflector 128 back to the photo-
sensor 110 to be captured thereby.

As FIG. 1C also shows, incident light L, represents ofl-
angle light. The penetrated radiation components of incident
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light L, when reaching the radiation reflector 128, will be
away from the middle portion and toward the edge portion of
the non-planar surface 126. The non-planar surface 126,
which 1s 1n the shape of a curved concave surface, can retlect
the penetrated radiation components of incident light L, back
to the photosensor 110 1n the same 1mage pixel cell 102.
Accordingly, the reflected radiation components of incident
light L, will not enter an adjacent pixel cell 102, which
thereby reduces optical crosstalk.

Next, an embodiment of making the image pixel array 100
and/or the 1mage pixel cell 102 1s described 1n connection
with FIGS. 2A to 2F.

FIG. 2A shows that a device substrate 104 1s provided and
defined by a frontside 106/ and a backside 1065. In each pixel
cell 102, a photosensor 110 can be provided in the device
substrate 104 and formed near the frontside 106f. Additional
semiconductor components, such as the floating diffusion
region 112, transier gate 114, pixel isolation regions 117
shown 1n FIG. 1A, can also be formed 1n association with the
device substrate 104, but are not depicted i FIG. 2A for
simplicity.

Asis shown in FIG. 2A, a dielectric material 118’ 1s formed
over the device substrate 104 at 1ts frontside 106/ by any of
various methods, such as plasma-enhanced chemical vapor
deposition. The dielectric material 118' can be shaped by any
of various techniques to form the dielectric layer 118 contain-
ing a plurality of protruding portions 120 (see FIG. 2D).

In one example, a photoresist material 142 1s formed over
the dielectric material 118' by any of various methods. The
photoresist material 142 can be subjected to masked-expos-
ing and developing to obtain a plurality of photoresist precur-
sors 144 as shown in FIG. 2B. Each of the photoresist pre-
cursors 144 1s formed to be aligned with a photosensor 110 1n
the same pixel cell 102.

The photoresist precursors 144 can be formed 1nto con-
toured precursors 146 as shown 1n FIG. 2C. For example, the
contoured precursors 146 can have a curved surface. A reflow
process can be employed for such a purpose. The contoured
precursors 146 can be formed to have a similar shape as that
ol the protruding portions 120 shown 1n FIG. 2D. Although
the contoured precursors 146 are shown to have a curved
shape, those skilled in the art will appreciate that various other
shapes, including those shown 1n FIGS. 3 and 4, can also be
employed to form the contoured precursors 146.

FIG. 2D shows that the shape of the curved photoresist
precursors 146 1s transierred into the underlying dielectric
material 118' to form the protruding portions 120. For
example, an etching process can be used to remove the shaped
photoresist precursors 146 and selectively remove the dielec-
tric material 118 ' to form the dielectric layer 118. In one
example, the photoresist material and the dielectric material
can have substantially the same selectivity such that they can
be removed at substantially the same rate during an the etch-
ing process. The etching process can also remove the portions
of the dielectric material 118' between two adjacent protrud-
ing portions 120. In one example, a plasma etching process
can be employed to form a curved convex surface 122 of each
protruding portion 120. As FIG. 2D shows, the resulting
dielectric layer 118 can contain a plurality of protruding
portions 120, each being aligned with a photosensor 110 in
the same pixel cell 102. Those skilled in the art will appreciate
that various other methods can be used to form the protruding,
portions 120.

Although FIG. 2C only illustrates curved photoresist pre-
cursors 146 as a result of a reflowing process, the photoresist
precursors 144 can be formed into various other convex
shapes to form the protruding portions 120 as shown in FIGS.
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3 and 4. In one example, an etching process can be carried out
to obtain shaped photoresist precursors 146 similar to the
shape of protruding portions 120 shown in FIG. 4. Those
skilled 1n the art will appreciate that various other methods
can be used to form the variously shaped photoresist precur-
sors 146.

FIG. 2E shows a radiation reflecting metallic material 148
being formed over the protruding portions 120 by any of
various methods, such as sputtering. The radiation retlecting
metallic material 148 conforms to the convex surfaces 122 of
the dielectric layer 118 and forms a plurality of non-planar
surfaces 126, each of which corresponds to a photosensor 110
formed 1n the same pixel cell 102. As previously described,
the non-planar surface 126 1s capable of directing incident
radiation reaching the non-planar surface 126 toward the
corresponding photosensor 110 1n the same pixel cell 102.

FIG. 2F shows a plurality of radiation reflectors 128 being
formed 1n the radiation reflecting metallic material 148. For
example, an etching process can be employed to selectively
remove portions of the metallic material 148 between the
adjacent radiation reflectors 128. Each radiation reflector 128
has a non-planar surface 126. As FIG. 2F also shows, addi-
tional semiconductor components, such as inter-metal dielec-
tric layer 130 and a metallization layer 132, can be formed
over the radiation reflectors 128. Those skilled 1n the art will
appreciate that various other methods can also be used to form
the radiation retlectors 128 as well as the additional semicon-
ductor components.

FIG. 3 shows a second embodiment of an 1image pixel array
300 having a plurality of image pixel cells 302. In each pixel
cell 302, the radiation reflector 328 on a metallic layer 324 1s
formed with a different shape than the concave shape shown
in FIGS. 1A to 1C. In this embodiment, the non-planar sur-
face 326 of each radiation reflector 328 can be formed to have
a curved concave edge portion 326e, which joins to a substan-
tially flat upper portion 326m. When off-axis incident radia-
tion components pass a photosensor 110 and penetrate
through the device substrate 104 to reach the curved edge
portion 326e¢, it can reflect such off-axis radiation compo-
nents back to the photosensor 110. Thus the curved edge
portion 326¢ can further focus the retlected radiation toward
the photosensor 110 1n the same pixel cell 302. Accordingly,
the non-planar surface 326 of each radiation reflector 328 1s
capable of directing substantially all radiation components
reaching the curved edge portion 326¢ to the photosensor 110
located 1n the same 1mage pixel cell 302.

The non-planar surface 326 of each radiation reflector 328
can be formed 1n a similar manner as the manner 1n which
non-planar surface 126 (see, FIGS. 1A to 1C) 1s formed. For
example, the dielectric layer 318, after being formed over the
device substrate 104, can be selectively etched to form a
plurality of protruding portions 320. Each protruding portion
320 can have a convex surface 322 comprising a substantially
flat surface 322m and a curved side surface 322s. When the
metallic layer 324 1s formed over the dielectric layer 318,
cach protruding portion 320 can define a non-planar surface
326 on the radiation reflector 328. For example, the non-
planar surface 326 can be formed to be complementary to the
convex surface 322 on the protruding portion 320. Those
skilled 1n the art will appreciate that various other methods
can also be used to form the metallic layer 324 and the
non-planar surfaces 326.

FIG. 4 shows a third embodiment of an 1mage pixel array
400 including a plurality of image pixel cells 402. In each
image pixel cell 402, the non-planar surface 426 of the radia-
tion reflector 428 can be formed to comprise a beveled edge
portion 426¢, which joins to a substantially tlat portion 426:m.
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When oif-axis incident radiation components pass a photo-
sensor 110 and penetrate through the device substrate 104 to
reach the curved edge portion 426e¢, the curved edge portion
426¢ can reflect such off-axis radiation components back to
the photosensor 110. The beveled edge portion 426¢ can thus
turther focus the reflected radiation toward the photosensor
110 i the same pixel cell 402. Accordingly, the non-planar
surface 426 1s capable of directing substantially all photons

reaching such curved edge portion 426¢ toward the photosen-
sitive region of the photosensor 110 1n the same pixel cell 402.

In the embodiment shown 1n FIG. 4, a first dielectric layer
418a can be formed over the device substrate 104 at the
frontside 106/, similar to the dielectric layers 118, 318
described above. A second dielectric layer 4185 1s then
formed on the first dielectric layer 418a and 1s selectively
etched to form each protruding portion 420 with a beveled
side portion 422s. For example, the etching process 1s con-
trolled so that the first dielectric layer 418a 1s substantially
intact when forming the protruding portion 420. In one
example, the first and second dielectric layers 418a, 4185 can
be formed of different materials so that the first dielectric
layer 418a 1s more resistant to the etchant used 1n the etching
process for the protruding portions 420.

As can be seen 1n the cross-sectional view of the image
pixel cell 402 as shown 1n FI1G. 4, the protruding portion 420
can have a trapezoid shape with a tlat top portion 422m and
sloped side portions 422s. The protruding portion 420 so
formed can define the non-planar surtace 426 of the metallic
layer 424 to have a beveled edge portion 426¢, when the
metallic layer 424 1s provided and formed over the protruding
portion 420. The beveled edge portion 426e on each radiation
reflector 428 can be formed 1n a similar manner as 1s the
curved concave edge portion 326¢ (see, FIG. 3) and by con-
trolling the selective etching process to form a straight edge.
Those skilled in the art will appreciate that various other
methods can also be used to form the metallic layer 424 and
the non-planar surfaces 426.

The various 1image pixel arrays 100, 300, 400 and/or the
imaging device 101 described above can have increased
quantum efliciency and/or reduced optical crosstalk in com-
parison to conventional backside illuminated imaging
devices. In the example shown in FIG. 1C, the radiation
reflector 128 1n each pixel cell 102 can reflect radiation com-
ponents that escape a corresponding photosensor 110 or oth-
erwise pass through the device substrate 104 in the same pixel
cell 102 to reach the non-planar surface 126 of the radiation
reflector 128. The non-planar surface 126 1s capable of direct-
ing such escaped radiation components back to the corre-
sponding photosensor 110 1n the same pixel cell 102 so that
the escaped radiation components can be captured by such
corresponding photosensor 110. As substantially all escaped
radiation components can be directed by the non-planar sur-
face 126 back to the photosensor 110 1n the same pixel cell
102, the non-planar surface 126 thus reduces potential
crosstalk effect and increases quantum efliciency. Likewise,
the non-planar surfaces 326, 426 for pixel arrays 300, 400 can
increase quantum efliciency and reduce optical crosstalk.

FIG. 5 1s a block diagram showing the major electrical
components of a CMOS 1maging device 501, which contains
a pixel array 500. The pixel array 500 can be formed to
include any of the image pixel array embodiments 100, 300,
400 formed as described above. The pixel array 500 1s formed
with pixel cells arranged 1n a predetermined number of col-
umns and rows. The pixel array 500 can capture incident
radiation from an optical image and convert the captured
radiation to electrical signals, such as analog signals.
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The electrical signals obtained and generated by the pixel
cells 1n the pixel array 300 can be read out row by row to
provide 1mage data of the captured optical image. For
example, pixel cells in a row of the pixel array 500 are all
selected for read-out at the same time by a row select line, and
cach pixel cell 1n a selected column of the row provides a
signal representative of recerved light to a column output line.
That 1s, each column also has a select line, and the pixel cells
of each column are selectively read out onto output lines 1n
response to the column select lines. The row select lines 1n the
pixel array 500 are selectively activated by a row driver 5325 in
response to a row address decoder 527. The column select
lines are selectively activated by a column driver 529 1n
response to a column address decoder 531.

The imaging device 501 can also comprise a timing and
controlling circuit 533, which generates one or more read-out
control signals to control the operation of the various com-
ponents 1n the imaging device 501. For example, the timing
and controlling circuit 533 can control the address decoders
527 and 531 1n any of various conventional ways to select the
appropriate row and column lines for pixel signal read-out.

The electrical signals output from the column output lines
typically include a pixel reset signal (V ,.-) and a pixel image
signal (V ., . ) for each image pixel cell in a CMOS 1maging
device. In an example of an image pixel array 300 containing
four-transistor CMOS 1mage pixel cell, the pixel reset signal
(V »<7) can be obtained from a floating diffusion region when
it 1s reset by a reset signal RST applied to a corresponding
reset transistor, while the pixel image signal (V,, . ) 1s
obtained from the floating diffusion region when photo gen-
crated charge 1s transferred to the floating diffusion region.
BoththeV,.-andV ,, . signalscanbereadinto asampleand
hold circuit (S/H) 535. In one example, a differential signal

(VrsrVruor) €an be produced by a differential amplifier
(AMP) 537 for each pixel cell. Each pixel cell’s differential

signal can be digitized by an analog-to-digital converter
(ADC) 539, which supplies digitized pixel data as the image
data to an 1mage processor 541, which processes the pixel
signals from the pixel array 5300 to produce an image. Those
skilled 1n the art would appreciate that the imaging device 501
and 1ts various components can be 1n various other forms
and/or operate 1n various other ways. In addition, although the
imaging device 501 illustrated 1s a CMOS 1maging device,
other types of solid state 1maging devices, pixel arrays, and
readout circuitries may also be used.

FIG. 6 illustrates a processing system 601 including an
imaging device 501. The imaging device 501 may be com-
bined with a processor, such as a CPU, digital signal proces-
sOr, or microprocessor, with or without memory storage on a
single mtegrated circuit or on a different chip than the pro-
cessor. In the example as shown 1n FIG. 6, the processing
system 601 can generally comprise a central processing unit
(CPU) 660, such as a microprocessor, that communicates
with an mput/output (I/O) device 662 over a bus 664. The
processing system 601 can also comprise random access
memory (RAM) 666, and/or can include removable memory
668, such as flash memory, which can communicate with
CPU 660 over the bus 664.

The processing system 601 can be any of various systems
having digital circuits that could include the 1imaging device
501. Without being limiting, such a processing system 601
could include a computer system, a digital still or video
camera illustrated by the dotted lines of FIG. 6, a scanner, a
machine vision, a vehicle navigation, a video telephone sys-
tem, a camera mobile telephone, a surveillance system, an
auto focus system, a star tracker system, a motion detection
system, an image stabilization system, and other systems
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supporting 1image acquisition. In the example shown 1n FIG.
6, the processing system 601 1s employed 1n a digital still or
video camera 601', which has a camera body portion 670, a
camera lens 672, a view finder 674, and a shutter release
button 676. When depressed, the shutter release button 676
operates the imaging device 501 so that light from an 1image
passes through the camera lens 672. The incident light then
impinges on and 1s captured by the pixel array 500 (see FIG.
5). As those skilled 1n the art will appreciate, the 1maging
device 501, the processing system 601, the camera system
601' and other various components contained therein can also
be formed and/or operate 1n various other ways.

It 1s again noted that although the above embodiments are
described with reference to a CMOS 1maging device, they are
not limited to CMOS 1maging devices and can be used with
other solid state imaging device technology (e.g., CCD tech-
nology) as well.

It will be appreciated that the various features described
herein may be used singly or in any combination thereof.
Theretore, the invention 1s not limited to the embodiments
specifically described herein. While the foregoing description
and drawings represent examples of embodiments, it will be
understood that various additions, modifications, and substi-
tutions may be made therein as defined in the accompanying
claims. In particular, 1t will be clear to those skilled 1n the art
that other specific forms, structures, arrangements, propor-
tions, materials can be used without departing from the essen-
t1al characteristics thereof. The presently disclosed embodi-
ments are therefore to be considered n all respects as
illustrative and not restrictive.

What 1s claimed as new and desired to be protected by
Letters Patent of the United States 1s:
1. An 1image pixel cell comprising:
a photosensor formed at a front side of a substrate and
adapted to detect visible. radiation; and
a radiation reflector positioned at a front side of the sub-
strate and having a non-planar retlecting surface facing
toward the photosensor and expanding laterally beyond
the photosensor, the non-planar reflecting surface
reflecting radiation components of the visible radiation,
received through a backside of the substrate, to the pho-
fosensor,
wherein the non-planar reflecting surface comprises a sub-
stantially flat middle portion and an edge portion, the
edge portion being a curved concave surface.
2. The image pixel cell of claim 1, wherein the radiation
reflector comprises a reflective metal coating.

3. The image pixel cell of claim 1, wherein the radiation
reflector 1s a part of an interconnecting metal portion.

4. The image pixel cell of claim 1 further comprising a
substantially transparent dielectric formed 1n contact with the
radiation retlector, wherein the dielectric has a surface shape
complementary to the non-planar surface of the radiation
reflector.

5. The 1mage pixel cell of claim 1 further comprising a

color filter positioned at a backside of the substrate for pass-
ing a selected radiation component of the visible radiation.

6. The image pixel cell of claim 1, wherein the pixel cell 1s
a CMOS pixel cell.

7. An 1mage pixel cell 1n a backside i1lluminated imaging
device, the 1image pixel cell comprising:

a substrate having a first side and a second side;

ametallic portion positioned at the first side of the substrate

and comprising a non-planar surface facing toward the
first side of the substrate; and
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a photosensor formed at the first side of the substrate for
detecting incident radiation impinged on the second side
of the substrate and reflected by the metallic portion,

wherein the metallic portion expands laterally beyond the
photosensor, and

wherein the non-planar surface comprises a substantially
flat middle portion and an edge portion, the edge portion
being a curved concave surface.

8. The image pixel cell of claim 7, wherein the edge portion
1s capable of directing substantially all light components
reaching such edge portion toward the photosensor.

9. A backside 1lluminated 1imaging device comprising;:

a substrate having a frontside and a backside;

a plurality of photosensors formed 1n association with the

substrate;

a color filter array formed over the substrate at the backside

and comprising a plurality of color filters for passing
selected radiation components of 1incident radiation to

the photosensors; and

a plurality of radiation reflectors formed over the substrate
at the frontside and each corresponding to a photosen-
SOF;

wherein the radiation reflectors each expand laterally
beyond the photosensor and have a non-planar surface
capable of directing photons reaching the non-planar
surface toward the corresponding photosensor, and

wherein the non-planar surface comprises a substantially
flat middle portion and an edge portion, the edge portion
being a curved concave suriace.

10. The imaging device of claim 9, wherein the color filter
array causes the photosensors to detect red, green, and blue
light.

11. The imaging device of claim 9, wherein the color filter
array causes the photosensors to detect cyan, magenta, and
yellow light.

12. The imaging device of claim 9, wherein the edge por-
tion being capable of directing substantially all photons
reaching the edge portion toward the photo sensor.

13. The imaging device of claim 9, wherein the 1maging
device 1s part of a camera.

14. A backside 1lluminated imaging system comprising:
a substrate having a frontside and a backside;

a plurality of photosensors formed in the substrate and
arranged 1n an array;

a metallic portion formed over the substrate at the frontside
and having a plurality of radiation reflectors; and

a readout circuitreading out signals from the photosensors,

wherein the radiation reflectors each expand laterally

beyond the photosensor and have a non-planar surface
facing toward the frontside of the substrate and corre-

sponding to a photosensor;

wherein the non-planar surface comprises a substantially
flat middle portion and an edge portion, the edge portion
being a curved concave surface; and

wherein each radiation reflector 1s capable of directing
photons reaching the non-planar surface toward the cor-
responding photosensor.

15. The imaging system of claim 14 further comprising a
dielectric formed over the substrate at the backside, wherein
the dielectric comprises a plurality of protruding portions
facing away from the substrate, and wherein the protruding
portions each define the shape of a corresponding non-planar
surtace of a radiation retlector.

16. The imaging system of claim 14, wherein at least one of
the non-planar surfaces comprises a concave shape.
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17. The imaging system of claim 14, wherein the edge 19. The image system of claim 18, wherein the metallic
portion 1s capable of directing substantially all photons reach- portion forms at least a part of the interconnecting metal
ing the edge portion toward the corresponding photosensor. portion.
18. The imaging system of claim 14 further comprising at 20. The image system of claim 18, wherein the metallic

least one interconnecting metal portion, wherein the intercon- 5 portion 1s formed without metallization patterns.
necting metal portion comprises a metallization pattern for
interconnecting components of the imaging system. S I
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